amide complexes † Abstract Herein we investigate salt metathesis reactions of the bulky bis(silyl)amide potassium salts [K{N(SiMe 2 t Bu) 2 }] n , [K{N(SiMe 2 t Bu)(Si i Pr 3 )}] n , [K{N(Si i Pr 3 ) 2 }] n and [K{N(SiPh 3 ) 2 }] n (1) with AeI 2 (Ae = Mg, Ca, Sr) in efforts to synthesise rare homoleptic two-coordinate complexes. Recrystallization of 1 from THF provided structural authentication of the solvated adduct [K{N(SiPh 3 ) 2 }(THF) 3 ] (1-THF). For Ae = Mg we were able to identify products for three of the four bis(silyl)amides investigated: [Mg{N(SiMe 2 t Bu) 2 } 2 (THF)] (2), [Mg{N(SiMe 2 t Bu)(Si i Pr 3 )} 2 ] (3) and [Mg{N(SiPh 3 ) 2 } 2 ] (4). Complexes 2-4 were isolated in good yields, and on one occasion during recrystallization of 2 a crystal of the heteroleptic complex [Mg{N(SiMe 2 t Bu) 2 }(I)(THF) 2 ] (5) was identified by XRD. We found that these methodologies were not widely applicable for larger Ae = Ca and Sr, as large quantities of the parent bis(silyl)amines formed in reaction mixtures; however, we were able to isolate the first near-linear Ca(II) amide [Ca{N(Si i Pr 3 ) 2 } 2 ] (6) from these studies. No Ae-containing products could be isolated from KC 8 /crown ether reductions of 3, 4 and 6. Complexes 1-4 and 6 were characterised by single crystal XRD, multinuclear NMR and FTIR spectroscopy and elemental analysis, whereas complex 5 was identified by single crystal XRD only.
Introduction
Low-coordinate complexes are desirable synthetic targets as they formally contain vacant coordination sites for substrate binding, which may lead to enhanced reactivity and improved catalytic activity. 1 Moreover, non-aqueous heavy alkaline earth (Ae = Mg, Ca, Sr, Ba) complexes are intrinsically reactive and their relatively low cost and toxicity make them ideal candidates for catalytic processes, 2 e.g. hydroelementation reactions. 3 However, the synthesis of coordinatively unsaturated Ae complexes is challenging because their predominantly ionic bonding regimes favour maximised coordination numbers, and they are often synthesised in coordinating solvents due to starting material solubility requirements. 4 Monodentate bulky amide ligands, {NR 2 }, have proven to be adept at stabilising low-coordinate Ae complexes as their hard N-donor atoms are well-suited for hard Ae 2+ cations, and the steric bulk of the two R-substituents are readily tuned to prevent oligomerisation and ethereal solvent coordination and degradation processes. 5 Bis(silyl)amide s-block complexes form an important subset, with different ligand electronic properties resulting from the negative hyperconjugation provided by Si atoms. 6 The archetypical bis(silyl)amide, {N(SiMe 3 ) 2 } (N′′), has provided structurally characterised examples of four-coordinate monomeric [Ae(N′′) 2 (THF) 2 ] (Ae = Mg, 7 Ca, 8 Sr, 8 Ba 9 ) and dinuclear [Ae(N′′) 2 (μ-N′′)] 2 (Ae = Mg, 10 Ca, 11 Sr, 12 Ba 9 ) complexes, hence larger SiR 3 groups are required to obtain heavy Ae bis(silyl)amides with coordination numbers of 3 or lower in the solid state (it is noteworthy that [Ae(N′′) 2 (μ-N′′)] 2 can be monomeric in solution and the vapour phase, 13 and that [Be(N′′) 2 ] is monomeric in solution, the vapour phase and the solid state). 14 }] n did not give an Ae-containing product for Mg, whereas this is the only Group 1 transfer agent that resulted in a product for Ca. We attribute these variable outcomes to the ideal Ca 2+ cation/ligand size ratio in 6 yielding a coordinating solvent-free product, as coordinated THF is polarised and more readily deprotonated. The synthesis of 6 is notable as [Ca(N′′) 2 ] and its solvated derivatives have proved to be important starting materials in organocalcium chemistry, but several synthetic routes to this vital precursor have well-documented practical issues. 30 Most topically, [Ca(N′′) 2 ] has recently been used as a starting material in the synthesis of dimethylcalcium, [CaMe 2 ] n , a previously elusive reagent that has already demonstrated synthetic versatility. 31 Finally, in efforts to synthesise Ae(I)-ate complexes the reactions of 2-4 and 6 with 1 eq. of KC 8 /18-crown-6 were performed in diethyl ether or THF, but 29 Si NMR spectroscopy showed the exclusive formation of mixtures of the respective potassium bis(silyl)amides and bis(silyl)amines. Scheme 1. Synthesis of complexes 2-4 and 6.
The FTIR, and 1 H and 13 C{ 1 H} NMR spectra of 1-4 and 6 are mainly unremarkable and comparable to previously reported s-block complexes of these bis(silyl)amides. 24, 27 However, it is significant that for 2-4 and 6 the spectra are highly symmetric, indicating that any close M···C-H contacts observed in the solid state (see below) are not maintained in d 6 -benzene solutions at 298 K, and there is no evidence of complex aggregation. Minor impurities seen in the 1 H and 13 C{ 1 H} NMR spectra of 2-4 may be attributed to the formation of alkali metal magnesiates. 32 This intriguing possibility could be verified by the rational synthesis of such complexes; whilst this is beyond the scope of this study we note that {N(Si t BuMe 2 ) 2 } has previously been shown to capable of bridging between K + and Ln 2+ (Ln = Sm, Eu, Tm, Yb) cations. 24f We examined complexes 2-4 and 6 by 1 H DOSY NMR spectroscopy in d 8toluene to determine if these minor impurities could be assigned to higher-order aggregates. 33 Only one diffusion coefficient was found in all cases except for 4 (Tables S1-S4, and Figures S16-S19); for 2, 3 and 6 the calculated molecular weight approximated the anticipated formula weight, thus no higher-order species were observed. It is noteworthy that the 1 H DOSY NMR spectrum of 2 exhibits a diffusion coefficient that corresponds to THF, suggesting that the bound THF is labile in d 8 -toluene solution. were consistently obtained in microanalysis experiments for 1-4 and 6. We attribute this observation to silicon carbide formation, which can occur for silicon-rich complexes, as this has been seen reproducibly for early metal complexes that contain the bulky bis(silyl)amides in this study, 24 and integration of the 1 H NMR spectra of these complexes indicate only modest amounts (<5%) of protic impurities.
Structural Characterisation
Single crystal XRD experiments were performed to determine the solid state structures of 1-6 (Figures 2-7; selected bond lengths and angles are compiled in Table 1 ). The solid state structures of homoleptic two-coordinate 3, 4 and 6 are discussed together for brevity as each complex contains an Ae bound only by two bis(silyl)amides. In the solid state structure of 3 there are two similar independent molecules in the asymmetric unit, thus we include and discuss the metrical parameters of one of these molecules, whereas tetragonal 4 contains one quarter of a molecule in the asymmetric unit. inter-or intra-molecular π-π stacking interactions were seen in 4. Interestingly, 3 also exhibits two notably different Si-N-Si angles [126.95(14) (1) 1.656 (2) N(1)-Si (2) 1.655(2) K(1)···C (2) 3.393 (3) K (1)···C (8) 3.508(3) K(1)···C (20) 3.243(3) K(1)-N(1)-Si (1) 102.89 (9) K(1)-N(1)-Si (2) 118.84 (3) Si (1)-N(1)-Si (2) 138.11 (14) 2 Mg(1)-N (1) 2.017 (2) Mg (1)-N(2) 2.015(2) N(1)-Si (1) 1.715 (2) N(1)-Si (2) 1.720(2) N(2)-Si (3) 1.712 (2) N(2)-Si (4) 1.712 (2) Mg (1)-O (1) 2.0361 (14) Mg (1)···C (6) 2.992 (2) Mg (1)···C (12) 3.321 (2) Mg (1)···C (17) 3.239 (2) Mg (1)···C (24) 3.004(3) N(1)-Mg(1)-N (2) 143.42 (7) Mg (1)-N(1)-Si (1) 109.92 (8) Mg (1)-N(1)-Si (2) 117.24 (9) Mg (1)-N(2)-Si (3) 116.22(10) Mg(1)-N(2)-Si (4) 110.43 (8) Si (1)-N(1)-Si (2) 128.41 (12) Si (3)-N(2)-Si (4) 128.94 (8) 3 Mg(1)-N(1) 1.964 (2) Mg (1)-N(2) 1.958(2) N(1)-Si (1) 1.717 (2) N(1)-Si (2) 1.714(2) N(2)-Si (3) 1.719 (2) N(2)-Si (4) 1.723 (2) Mg (1)···C (1) 2.921 (3) Mg (1)···C (14) 2.897 (3) Mg (1)···C (16) 3.009 (3) Mg (1)···C (26) 3.075(2) N(1)-Mg(1)-N (2) 176.27 (9) Mg(1)-N(1)-Si (1) 111.95(10) Mg(1)-N(1)-Si (2) 108.35(13) Mg(1)-N(2)-Si (3) 111.93(9) Mg(1)-N(2)-Si (4) 120.67(13) Si(1)-N(1)-Si (2) 138.50(14) Si(3)-N(2)-Si (4) 126.95(14) 4 Mg(1)-N(1) 2.022 (3) N(1)-Si (1) 1.7085(13) Mg(1)···C (2) 2.950(3) N(1)-Mg(1)-N(1′) 180 Mg(1)-N(1)-Si (1) 115.06(9) Si(1)-N(1)-Si(1′) 129.9(2) 5 Mg(1)-N(1) 2.015 (3) Mg (1) (3) Mg (1)-O(2) 2.051(3) N(1)-Si (1) 1.713 (3) N(1)-Si (2) 1.712 (3) Mg (1)···C (5) 3.324 (4) Mg (1)···C (14) 3.119(4) Si(1)-N(1)-Si (2) 127.7(2) 6 Ca(1)-N(1) 2.329(2) Ca(1)-N(2) 2.337(2) N(1)-Si (1) 1.711(3) N(1)-Si(2) 1.709(3) N(2)-Si (3) 1.702(3) N(2)-Si(4) 1.708(3) Ca(1)···C (1) 3.006 (3) Ca (1)···C (2) 3.097(4) Ca(1)···C (10) 3.251 (3) Ca (1)···C (19) 3.033 (3) Ca (1)···C (20) 3.085 (4) Ca (1)···C (28) 3.134(3) N(1)-Ca(1)-N (2) 172.62 (11) Ca (1)-N(1)-Si (1) 110.47(13) Ca(1)-N(1)-Si (2) 112.55 (12) Ca (1)-N(2)-Si (3) 108.88(12) Ca(1)-N(2)-Si (4) 112.64 (12) Si (1)-N(1)-Si(2) 136.7(2) Si(3)-N(2)-Si (4) 138.2 (2) The varying coordination geometries of 2-4 and 6 can be attributed to varying steric demands of the bis(silyl)amides, with {N(SiMe 2 t Bu) 2 } too small to enforce a formal coordination number of 2 for Mg in the presence of THF for complex 2 . For 3, 4, 6 are equally important in determining coordination geometries as they influence both the metal-ligand and ligand-ligand interactions of the silyl substituents. Indeed, for these complexes the mean Si-N-Si angles follow the order 4 < 3 < 6; this is the opposite trend to the variation in N-Ae-N angles and the size of the torsion angles between the MgNSi 2 planes (see above), though these values cannot be compared quantitatively due to differing ligand symmetries, Ae cations and complex geometries.
Conclusions
Salt metathesis reactions of AeI 2 (Ae = Mg, Ca, Sr) with potassium bulky bis(silyl)amides have found limited success in the synthesis of homoleptic formally two-coordinate Ae complexes. Generally, these methods are most applicable to Ae = Mg, whilst side-product formation predominates for the heavier Ae;
however these studies have yielded rare formally two-coordinate Mg complexes and the first structurally characterised near-linear calcium complex. Given that [Ca(N′′) 2 ] is an ubiquitous starting material in organocalcium chemistry, complexes such as [Ca{N(Si i Pr 3 ) 2 } 2 ] have potential synthetic utility in the synthesis of novel calcium organometallics. Alternative synthetic routes to salt metathesis to install bulky bis(silyl)amides, such as alkane elimination and transmetallation, have previously been successfully employed in Ae metal silylamide chemistry. 5, 6 These routes could be investigated in future to extend the s-block chemistry of the bulky bis(silyl)amides herein to the heavier Ae metals strontium and barium.
Experimental

Materials and methods
All manipulations were conducted under argon with rigorous exclusion of oxygen and water using glove box and Schlenk techniques. Solvents were purged with UHP-grade nitrogen (Airgas) and passed through columns containing activated alumina and molecular sieves before use or were dried by refluxing over potassium and degassed before use. All solvents were stored over K mirrors or 4 Å molecular sieves The reaction mixture was stirred for 48 h, forming a white precipitate. The supernatant was filtered, and volatiles were removed in vacuo. The resultant white solid was extracted with hexane (10 mL), reduced in volume to ca. 2 mL, and stored at 4 °C to give 2 as colourless blocks (1.053 g, 66 %). On one occasion during recrystallization of 2 a crystal of 5 was identified by XRD. Data for 2: Anal. Calcd. for C 28 H 68 MgN 2 OSi 4 : C, 57.49; H, 11.73; N, 4.79. Found C, 54.56; H, 11.75; N, 4. 
